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CAVITTg IESONATO 
Afredo ]fis, Jr., Cmbridge, 1Vss., ssignor, by 
mesne as!gnmei/s, to the Unlte/l States 
America s represened by the Secrery of Wtr 
Apl!cton Ocqber 3, 195, Serl o. 620,128 
3 Claires. (CI. 
This invention relates .to wave meters and more 
particularly t0 .resonant-cavities, bften terme d 
echo boxes. 
An echo box is a structure having a resonnt 
cavity internally surfaced by elgctrically Conduc- 5 
tire material. Usflally .the shape of the cavity 
is simplê, as the modes, or manners in which 
georaetrica!ly simple caities resonate in response 
to eléctromagnetic energysuppliêl thereto are 
more esiY .ç15ulable than for other shapes. 10 
Fpr many geometrical c0nfiguraions the mode 
of the resonant oscillations:ànd .the resonant 
ïrequence tierebf are mthematically.c0mpu- 
ed witiïeae £nd knòwn fo the art. 
In genèral echo boxes havé many uses in deal: 15 
ing wih e!ectromagnetic radiation in the micror 
wave egion. Among these may be mentioned 
employment with radio echo detection apparatus 
to provide-artiiïcial or "phantom" targets which 
may be used fo tune a receiver when no real t- 0 
gets are conveniently avilable. Ech0 boxes ' 
have a very high Q, of the order of 100,000, and 
when excited bY pulsed radiation of the nature 
customarily used in adio echo detecti0n appara- 
.tus the .cavity fli ing Or oscillate for. severl 25 
microseconds after the terminaton of a tran_- 
mitted pulse. During the oscillation time, or 
ringing, t!m e, energy is returned o the rado.de- 
 rection appaçatus fo produCe signals. An0ther 
use of an echo boxmay be for ,tuning a receivcr 30 
fo the echo thus returned. One commOn use 
as a wavemeter. A cavity of adjustabte size is 
calib_ated, thë adjustmènt t a point of maFi- 
mure amplitude :f-.esonance providing .a 
quency .meas:e, and sùh. a wavemeter is spe- 35 
cially useful in transmtter ljusment b.ecause 
receiver turdng neet:not ffect the results. An- 
other common .use may be as a high Q circuit. 
One especially common and useîul geometrical 
configuration.f0 r an echo bo.x cavity is a right :cir- 0 
cu!ar cy!indrical cavity to wtich energymay be 
.supplied or withdrawn tirectly ,hr0ugh 0ne or 
more .aPertuçes .in the Walls, or through .pickup 
lops .i-serted therethroug h, or the like. 
Cylindrical cvities may be manuïacture.d w_ith 45 
ordinary Precision mchinery 'with ease . anal 
.grea accr_:ay. A.d!fficltY which h.as e.en .en- 
countered heretoîore, hoever,, and the canse, for 
.which has beensubstahtiliy eliminated.bY.this 
present.inventio n, .as wflLappear more ullY h.ere- 50 
inafter, is that .unless the end plates (the top.and 
bottom plates) ofthecylindrical cavity .are lar- 
allei fo a high degree of accuracy, the ech0 box 
:bas a decidedl inferior.characteristic in 4bat 
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response or ringing rime consequently decreased. 
This diiïlcultY has require d .he .se 
justable mans fo pr0vide the desired degèe :of 
parallelism  5etween the plane surfaces of :the 
end plates as wiil be  mentioned "hgreinafer'. 
These adjustments are highly critical, and:é- 
quire electrical tests usua)ly suitab]ë to b e pçr 
formed .only af the factory or ai a test bench, 
and sealing and lockng of the adjustable means 
after the t_est. The Possbiliies fhe adjUst 
ment being impaired by mèchanial 
tempçatue changes, andnecessry .handlipg 
the box, and the further reqv:irement of strict 
tolerances prove a burden in the màniifactUre 
and use of cylindrCal echo boxes. : " 
Therefove, among the objects of this in/ention 
are to provide anecho box, the highQ 
is hot seriously affected by the failue fo meet 
close mechanical toierances; fo reduoe the nie- 
chanical c0mplictions in the nïanuacurë0î 
echo boxes; fo eliminate the necessity of 
tory adjustment or test bench bY Providin' 
more easfly adjustable echo box; -fo piovïd 
echo box whose adjustment is simple t0'pro'¢ile 
such a box whoe calibratio.n is more Sa51ë, 
more secure, and more relïab!e; .fo pçovide Su.ch 
a box in which if will hot Ne neçessary to mske 
a difllcult adjustment for the ënd pias; t0 po- 
vide an echo bOX whose contç.ucion fll p'oue 
an electromagnetic resonator, the ing!ng .iniè of 
which is relativély insensitive to slïght mialig- 
ment of the end plates; and fo provide anëcho 
box whose construction is .comparatï¢lY simpl_e 
for marïufa6turing purpoes.  " " 
lurther objec.ts, advantges and:novel features 
of the invention wfll be pPaï¢ent fr0m he 
scription hereinafter contained, in hich 'eér- 
ence is ruade fo the drawing of a pefred 
bodiment of the invention shown"iï thë: Sïgle 
figure of the drawing. 
Referring now fo the drawing, th.ere is illusi 
trated in cross-sectio an ChO box 0 Of 
lar cylindrical conf0mmati0n as improved 
cordance withthe teachings0f the invënibn. 
The section is taken in aplanè  thr0uh ïï xie 
. Side wall or enclo-sing .member ' dffdds 
inner conductive surface 3 t{i.h is cidula]ïY 
symmetric about axis i. Bage membè 
fords an inner conductive sufaC ""whch  is 
planar and perpendicular fo axis   and "the .line 
elements of cylindrical surface  3.' Ïno 
lindrical .cavi.ty  S formei bY cylindricalsrfce 
3 and .base surface  is insrted 0p niember 
, which 'thereby compihtély ercïosê caviy 
except for asmall mifom annuir'spae/o 
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| 8 of the order of one or two hundredths of wa-ve- 
length between member 17 and surface 3' and 
substntially concentric therewith. Cavity 
adjustable in depth by means adapted to move 
top member 17 piston-wise along the direction of 
axis !!. Such means, as illustrated, may com- 
prise a sleeve 20 held in fixed relation to wall 
to maints2n the alignment of rod 19 and top 
member 17; a spring 21 engaging a head 22 at- 
tached to rod 19 thereby urging head 22 firmly 
againsS caliper rod 23, which is threaded through 
caliper head 24, which, in turn, is attached to 
sleeve 20. IL is clear that a reading of the ad- 
vancement of caliper rod 23 Luto head 24 (such 
as may be ruade on the customary vernier which 
is hot shown in the drawi-ng) may be calibrated 
to read the depth h of cavity 10, and .the conse- 
quent resonant ïrequency in a desired mode 
oscillation. 
One oZ the important ïeatures displayed in the 
drawing oZ Fig. i is the shape o the surface 
presented to cavity 6 by top member 17. Sur- 
face 25 is spherical, oZ the ortier of a îew hun- 
dredths of a waveiength in depth and o the order 
of three or four wavelengths in radius of curva- 
tu.re, the radius of curvature being colinear with 
axis of symmetry  I. In regard to other dimen= 
sions, diameter d of box I} is somewhat less 
than one wavelength in the hand of contemplated 
operating frequencies the inside height h of box 
!} is around two wavelengths. Depth or height 
may be defined and measured as the distance 
from planar surface 15 to a plane substantially 
perpendicular to axis ! and parallel to surface 
15 enclosing a cylindrical volume equal to the vol- 
urne oZ cavity ! 0. Surface 23 is a relatively small 
spherical deïormation ïrom the planar with 
center of curvature substantially on the axis o; 
cylindrical surface 13. OEhus the entire spherical 
de£ormation consists of a spherical section which 
subtends an arc of roughly .25 radians. A slight- 
ly deeper spherical deïormation subtending an 
arc of about .S5 radians bas given even better 
results than the one of longer radius of curva- 
ture in experiments conducted therewitl. 
The depth of the spherical portion, may be 
lncreased still further, but the optium location 
oZ feed orifice 26 may then bave to be determined 
anew, perhaps by trial and error, as the energy 
concentrations of the flelds are substantially 
altered. 
In order to improve the Q o£ cavity t 0, sur- 
faces 13, 15 and 23 should be highly conductive, 
and for this purpose wall 2 and end pieces 
and 17 may be constructed of brass, and the 
surfaces may be careïully polished, buffed, and 
silver plated. 
To transfer energy into or out of cavity !}, a 
small aperture or window 20 may be located on 
a diameter of circular surface 15 for use in con- 
junction with a wave guide or coaxial cable. The 
window 26 is placed a distance from axis ! for 
maximum coupling to the chosen operating mode. 
Other positions of the window are possible which 
are highly efficient, for example in the side wall. 
The edge of aperture 20 may be bevelled as 
shown to improve the coupling.  Member 0 may 
be attached to a fixed cover 27 forming what 
may be termed in the art a "back cavity" 
Lossy material 29 may be utilized fo mnim_ze 
the effects of back cavity 
Belote explaining the invention it is desira- 
ble to examine in part the theory of a cavity 
resonant to electromagnetic oscillations. 
Modes of eletcromagnetic oscillation in cavities 

are designated usually by a three-number sys- 
rem, instead of the two-number system used for 
modes in wave-guides. The saine cavity can 
oscillate ai several different modes. The low- 
5 est frequency at which a cavity may resonate is 
usually termed the undamental, and higher re- 
quencies ai which the cavity resonates are termed 
harmonics usually only when integral multiples 
o the undamental frequency. Cavity resona- 
]0 tors may bave various shapes, including shapes 
which result ïrom taPAng sections of wave gttides 
or coaxial cables and closing the ends. Since 
the flow of electrons is largely confined to an 
exceedingly rhin layer oî metal on the inner sur- 
5 face of the cavity, this layer shou!d have low 
electrical resistance to avoid losses. In some 
cases, since only the conductivity o the inner 
surface is of importance, the cavity may be con- 
structed of non-conducting materials with the 
:0 inner surîaces painted or covered with a rhin 
layer ofmetal or oil, or the structure may be 
of a metal ofïower conductivity coated or plated 
with a metal of higher conductivity, as cavity 
10, wherein members 12, 14 and 17 are of brass, 
25 with surfaces tS, ! az]d 23 silver plated. 
For a cylindrical cavity, the modes are desig- 
nated as TE or TM (transverse electric or mag- 
netic respectively). One simple manner of ex- 
pressing non-mathematically the subscripts in- 
30 dicating the conformation of the mode is that 
the first number indicates the number of whole 
(or ïull wave) patterns of the vector lines en- 
countered in traversing a circumference of a 
circular cross section oZ the cavity, the second 
35 subscript indicates the number of half-wave 
patterns that are crossed in traverslng a radius, 
and the third subscript indicates the number of 
half-wave patterns encounterd in traversing 
the cavity in an axial direction, along its length 
40 or depth. 
Actually, of course, the numbers indicating 
the modes o£ resonant oscillation oZ the cavity 
arise in the solution of the fleld equations be- 
cause of the necessity of satisying the boundary 
45 conditions which require that no electric vector 
Can exist tangentially on a perfectly conductive 
surface. 
For a more thorough discussion of the theory 
of electromagnetic oscillations in resonant cav- 
0 ities, reence may be ruade to "Principles oZ 
micro-wave radio" by E. U. Condon, published 
in Review of Modern Physics, volume 14, Num- 
ber 4, October 1942. Although the notation 
adopted herein may dilïer somewhat ïrom that 
 contained in the reerence publication, the 
terminology adopted is the saine, and, as pointed 
out in the publication, is borrowed rom that o 
analogous problems in mathematical physics and 
particularly in quantum mechanics. 
60 Naturally, dlfferent viewpoints may be «dopted 
in investigating the theoretical aspects of echo 
boxes. One manner of attacking the problem is 
indicated in part by the article by E. U. Condon, 
to which reference is ruade above. There, for in- 
65 stance, the modes are ordered by a set of num- 
bers, a. However, there is no continuation of 
theory therein analyzing the problems involved 
in physical echo boxes in which the walls oZ the 
cavity bave a nite conductivity, in which there 
70 are minute variations from the geometric figure 
adopted as a model, in which there is interplay 
between modes caused by the insertion oZ a cou- 
pling loop or other driving means into the cavity, 
etc. One way of continuing the attack on the 
 problems involved is to set up a series of normal- 



izC  ortiogni vector wave funci0ns E} s- in  
e article- (hih s- may be-shon'; may 
taen fo represent the orientation of  the E vec-- 
rs wiin e ca.y» o" ictions Ha e H vec- 
tors, the vector hCtbn bëg. ten accorngly 
-be normal  tangential respectively  e 
oenduiv surfaces) ,. in whih series- th coe- 
cien of the orthogonal icions Ea. are taen 
askaqa.wherein ka. the wave nber;_ nd  qa (t) 
is an amplitude îction of rime. ig series 
may represent the E fleld, or a series oftefUnC - 
tions  wi coefficients aqa may:be ed to rep- 
resent the H fleld. ecoeffcien may be deoer- 
med to satisfy speced bounda conditions,. 
as the fleld equatio are satfled term 5y terre. 
ese coefficient: and erefore ch qa(t), may 
be determined explicite 5y" utitizg e oro- 
gonal characteristics oî the nomalized functio 
In a manner analogo to at used in deter- 
ming Fouler series:c6ecin. However, with- 
out explicitly determng at ts point qa(t) as 
the gmptude fction of; e- assigted. With 
te- a modê» i i pssible to ite- d0wn the 
set of dynamical Lgran-equations: ovem-- 
ing their- behavior.. 
: a exgmRlë, oî the methods inolved, in the 
use  ofZarangign equations, and e silficance 
thrf: refërencë maybe mgde te J, H. Jets, 
"Crïcity and Metism," Cambridge Uni- 
verSlty: res  (1927)., chDC . For- a- loss- 
ffëe cty « thee: Lragln equion ma be 
written: 
hêre è bseNg  labels all m lneaïlyn6e- 
pendent mod«g  oscillation and where,, as cus- 
mar-y, one: îdentifles: the netiC: ener T" wi 
thé:totl magnetic: ener of the sstem- nd the 
pontîal- ener V with th total, elCtric  energY,. 
Terres m now b6 provided to represent, external. 
excîti uent,. dissipation- losse in- the. wal 
of ê: caçity; gnd- oer departurës- from a: lo - 
free geometziHy peect ronato] . 
On th basis oî the system, of. equtions 
tined- bY:  thry, an equivlenç coect of a  
disiptivê metcally non-peffect- cvi fed 
0gH a- cáxial lin andlop: inpUt, may be v. 
ual[zed- à« foHows: Each- normal mode ma be 
rCÂd, by a-. closed, ronant mes  consig of 
rêsistance» inducnce,, and- capacitance- in sezies. 
Ech. meh " is couped' reslstive fo a-ll: modes  
a set for wch ese mural resistac do hot 
Vish an sirly couplëd: by mural= induct- 
ànCëg: and elgstances (inverse. aPacinces ) ,. and 
fUrte: ch mesh in rn is coupled, toan.addi 
-onal me representative-o the etel, nat put 
cfrct (if a coup]g loop is  used eah is  cou- 
pled- - é adtional mesh ducive--other 
es of-couplg are possible). h certain coeffi- 
cien of mutual induction. 
By mea of e eory developed in-he man- 
ner outlin-above; it-is possibl to ow at in 
a perft loss-ffee- cylindrical, cavi-ty thêre i. n0 
 rect doupli 5etween mdë. $f: he cavîy 
Waiis are hot peëcty conducive, so that- the 
càvity is.n0t.10ssfree, resitivW¢uDig b-êtwCn 
Dairs of modes ay ocCur subC fo- Certa: 
letîo les; as preousy menti0ned. n par- 
tIb]r fr- TEo,m,n modes ese" selectin ruies 
incatê thgt such resistive coupling occrs on 
b-etWeen modes whose resont frêquencies never 
- 0cie either accidentally or otherse: 
lS fàct- is important  the nysis  since 
cuple bedon  de 0nl ase signifi 

cne , for the purposes= of this problem, 
such; coupHhg ccurs eee: mods off 
the same- resonant, fre:quency; o neary 
aoEflon- to. the restve  eoupling, mentied 
5 aboyé, there are  other fos of couplig: a:rsin 
f9om - other so-ces. , for example 
clav that e Oriflhe -, or aperture:. 6 
which ' a  coupling lOop may  be. introucé: àn 
te- loop. or probe or couphng devibe- ielg e 
]o sources: of- coupling between, certain 
mos: Othëf sources, m-gy: be insulti 
such' as   8- etween e" end' pte' such s ' 
the de-' wall such- gs- : eccenrïciy . 
uifbrmi- of  rá:dis of an- ed: ple: sue 
5 eier ]ç or oth. end plg-eS: if 50th dD 
ysifi cona thê- sid Wlis resig 
nonfbmityï, gaps-such  as: -8; 
of- 5agi- eat; such  as  2:8ih lies behi  è 
gUl gav ad beeen  memSers  f: and ï $:;. 
0 gny-Smallellipicity ' or variation from 
Cr" i the cross secti0- o : thé- clidr;' aUd;. 
mostïportan flore he ständPoin of:ë, l- 
provement accomphshed 5y is invention, lkc 
of exacparallehsm r tiltg beween end plates" 
25 sug gs  nd ]:, especially where the 
hgs- «  plgnar suace, stead of sphecat sur 
fac such as26ï preSened  sfàce ' Ifsuch 
sace iS n0t planar', bUt  bas some other geo 
meici: cogurati0n;, such as sface- 2 tilt 
30 lng. of:rie- end pltë may e deed: gs- e 
enee: of n angle- betwee an axis-of smeç'o.f 
sud, ce  and the gxis- 0f cylinder such 
if Such" gxes are- i effmcidee for géomérieal  
e-ec  consrUetinç 
3» Itmay-5eïrthe-r'shown.thgt e TEo;,n modes 
In cyHndcal eties are the only  ones for 
Whih. no surface crents tend 0 fl0w across 
ggp" such- as  8  between the end plates such as 
] ànd.thecyhncal surfgce.such gs 3 ere- 
40 forC_ e chargctertic ffequencies  fbr these 
m0-dèS gre littlWgffe%ed, by these gaps or 5c 
cviies. rthermore, these mdes  bave the 
est Q values, other modes hgng: 10wer Q 
vgles other thgS 5eig equàl: In addition, 
45 0ther 'odes re greatly affected 5y the pres, 
ence. of the gap and-bgc[ aties, because hey 
reqe current flow äcross thë gap,  cus- 
ing:coupling, t back-cavity and other 10sses. For 
these réaso the oscillatg modes of a. tabe 
50 echo box are nearly always a member of e 
TE,m,n family of modes, usually with m equa[ to 
oe. 
 a perfect right circular cynder, any TE5,m, 
modé is degenerate with e compaon pair 
55 i,,n (even and ode) modes so tt a case 
of triple intriic degeneracy occurs which be- 
cornes of importance when coiderg the effect 
of a tilt of one of the- end plates such as . 
. pOinted out in the f0regoing, the Q?s of the 
60 o,m,n degenerate modes are adversel affected, 
most Particularly by gaps such as  8 e thry 
above advanced h in$cated tt a tilt of one 
of the end plates such as ] resuls: in coupling 
the degenerate modes with the operating 
6 mode H.said tilt is coideredasthe vector sum 
of tw0 comportent tilbs mutualy: Perpendicular, 
and the TM degenerate mode hang an axis 
symmetry along one comportent tilt is consid- 
ered odd, and along the other one even, the tilt 
70 along one axis causes coupling o one of said 
degenerate medes, and" the tilt along the other 
axis, caes coupling o the oer degenerate 
mode. In the equivalent: circuit the oeupling is 
suniatl . inducVe. I may bê shoW, boçh 
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ductive coupling between modes of the saine fre- 
quency is highly detrimental to the operation of 
the cylindrical resonator as an echo box. 
As an anology, consider a complicated cir- 
cuit consisting of many meshes, each series reso-  
riant, in which one mesh representing an operat- 
lng mode is coupled to two other meshes repre- 
senting the companion degenerate modes of 
the same resonant frequencies by mutual imped- 
ances, say inductances. There may be further l0 
collpling between these three among themselves 
and with other meshes in the circuit by other 
means such as mutual inductances, elastances 
(inverse capacitances), and resistances. How- 
ever, the other meshes bave resonant frequencies 
different from that of the meshes representing 
the operating mode and its companion degener- 
are modes. If the operating mode mesh is ex- 
cited at its resonant frequency it is clear in a 
qualitative way that the two other meshes in 0 
which the greatest currents will flow wlll be the 
companion degenerate meshes which bave the 
saine resonant frequency. If, furthermore, the 
Q's. of the companion degenerate meshes or one 
of them, is degraded considerably below that of 
the operating mesh, it is again clear in a quali- 
tative way, due to the high currents excited in 
the resonant meshes of lower Q, that the Q of 
the entire circuit at this operating frequency is 
adversely affected in an appreciable manner. 30 
In previous echo box construction of the right- 
circular cylindrical configuration it has been 
necessary in practice -to make some provision for 
setting lnto extremely exact parallelism .the 
planar surface of one end plate such as |5 and .%5 
the planar surface of the opposite end plate. 
Provision may be ruade for such an adjustment 
by using a false bottom type of construction in 
which a set of screws move one end plate in ad- 
justable tilting relationship to the side wall axis. c0 
Electrical tests were then ruade to determine the 
best adjustment and the adjustments usually 
were locked and sealed. 
In this manner, the two end plates were 
brought into such nearly exact parallelism that 
c0upling between the desired TE0,m.n modes and 4,5 
companion degenerate odd and even TMI,m,n 
modes was reduced. The reduction in coupling 
resulted in maintaining the Q of the circuit at 
a high figure. 
However, if one of the end plates is deformed 50 
from a planar surface to a surface of spherical 
symmetry, such as surface 25, which bas its axis 
Of circular symmetry extending substantially 
along the axis of the cylindrical side walls, there 
ls a shift in the resonant frequency of those 55 
modes which were companion degenerate modes 
in the undeformed cavity. 
Returning for a moment to the theory, the 
total electric and magnetic energies inside the 
cavity are respectively: 60 
T-= ½p l  Tt«OE( H«.H )dr= ½ L«OE«  
JV'a b a 
a b 
wherein LatzoÊaV henries and 
Ce---- Eo farads 
/« V 70 
represent the selï-lnductances and self-capaci- 
tances respectively of each resonant mesh of an 
equivalent circuit. The integrals extend over 
the cavity volume, In particular, if it is desired 
tolnvestigate the change in self-inductance$ or 5 
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self-capacitances, due to a small variation from 
some simple geometrical shape, we may compute 
the increment of I_ from 
ALa i 
a 
where the Integral is taken over the difference 
volume, or volume additional to the original 
geometrical configuration. 
A similar process for the increment of self-ca- 
pacitances gives: 
= -- ViA V/ af 
from which: 
sitce wo2LaCa---1, Latzck2aV, and 
ïhus, having knowledge of "the functions E 
and Ha for a given geometrical configuration, it 
is possible to compute the increment in La and 
Ca, at least to a flrst approximation, in a variation 
from the original configuration and consequently, 
at least to a first degree approximation, the 
change in frequency in an equivalent resonant 
mesh circuit having inductances and capaci- 
tances La and Ca respectively. Applying this 
process to the case of the spherical deformation 
Ïrom a planar end plate, it may be shown that 
with the total cavity volume unchanged the prin- 
cipal mode suffers no change in resonant fre- 
quency, but that the two companion degenerate 
modes do change in resonant frequency due to 
the deformation to a first degree approximation. 
Peferring again to the rough analogy intro- 
duced hereinbefore we see that whatever cou 
pling exists between the resonant operating mesh 
and the meshes representing the companion 
generate modes is no longer a coupfing between 
resonant circuits having the saine resonant fre- 
quency. On the contrary, those meshes repre- 
senting the companion degenerate modes now 
bave resonant frequencies displaced from the 
resonant frequency of the main operating mode, 
with the result that lower currents are intro- 
duced in the two companion degenerate meshes. 
Therefore, a degraded Q in these two meshes no 
longer bas the pronounced effect in reducing the 
Q of the resonant operating circuit to which they 
are coupled. 
Whatever may be the accuracy of the analogy 
or the analysis, it bas been proved experimentally 
that an echo box having the configuration fllus- 
trated in the accompanying figure, instead of the 
configuration in which both end plates such as | 
and |4 bave planar surfaces presented to each 
other, bas a longer ringing rime, and generally 
improved characteristics. 
In further marked distinction to the older type 
of echo boxes, the echo box of the invention dis- 
plays a relative insensitivity to a tflting of the 
end plate surfaces. Therefore, it is hot desired to 
bind the invention by any analogy or theory here- 
in discussed, which were introduced only as the 
probable explanation of the observed phenomena. 
Although surface 25 bas a spherical conforma- 
tion, other types of deformation from the planar 
will accomplish the desired result. Any type of 
deformation which is circularly symmetric with 
the axis of the cylindrical surface of the cavity, 
that is, one in which a cross section along a plane 



2600,186 

9 
generally perpendicular to that axis would show 
a circle as the curve of intersection with the in- 
ner surface of the deformed portion. Similarly, 
any deformation which may be approximated 
closely by the spherical type ill cause the re- 
quired improvement. Thus, the deformation may 
be paraboloidal, having an axis extending sub- 
stantially along the cylindrical axis of the cavity. 
It will be apparent fo those skilled in the art 
that many variations of the invention may be 
ruade without departing from ifs scope-and spirit. 
Therefore, tt is hOt desired to restrict the in- 
vention except by the accompanying claires. 
What is claimed ts: 
1. A cavity resonator having a desired mode of 
oscillation comprising: a hol]ow cylindrical first 
member; a second member having a plane surface 
closing one end of said firs member, said plane 
surface being substantially perpendicular to the 
longitudinal axis of said first member; a third 
member movable relative te said first member 
extending into the other end of said first ruera- 
ber, said third member having a concave surface 
facing said plane surface and symmetrically dis- 
posed about said longitudinal axis, the periphery 
of said concave surface being substantially con- 
tiguous with the inside surface of said first ruera- 
ber and in spaced relationship therewith, where- 
by the boundaries of said cavity resonator are de- 
flned by said plane surface, said concave sur- 
face and the inside surface of said first member 
therebetveen, said concave surface having a 
curvature which subtends an arc of no more than 
0.65 radians; and said plane surface, said con- 
cave surface and the inside of said first member 
being composed of highly polished non-magnetic 
material having a high electrical conductance. 
2. A cavity resonater according te claire 1, 
wherein said concave surface bas a curvature 
which subtends an arc of substantially 0.25 
radians. 
3. A cavity resonator having a desired mode oï 
oscillation comprising: a hollow cylindrical first 
member; a second member having a plane sur- 
face closing one end of said first member, said 
plane surface being substantially perpendicular 
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to the longitudinal axis of said flrst member; a 
third member extending into the other end of 
said flrst member, said third member having a 
concave surface facing said plane surface and 
5 symmetrically disposed about said longitudinal 
axis, the periphery of said concave surface be- 
ing substantially contiguous with the inside sur- 
face of said flrst member and in spaced relation- 
ship therewith by an amount between 0.01 and 
10 0.02 wavelengths at the operating frequency, 
whereby the boundaries of said cavity resonater 
are deflned by said plane surface, said concave 
surface and the inside surface of satd flrst mem- 
ber therebetween, said concave surface having a 
15 curvature which subtends an arc of no more than 
.65 radians; said plane surface, said concave sur- 
face and the inside of said flrst member being 
composed of highly polished material having a 
high electrical conductance; a fourth member 
20 closing the other end of said flrst member, a 
flfth member passing through said fourth ruera- 
ber and attached to said third member for vary- 
ing the distance between said concavesurface and 
said plane surface, said fourth member compris- 
25 ing glossy material substantially covering the 
side surface thereof. 
ALFREDO BAIOS, JR. 
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